Abstract. Gypsum, relegated in contemporaneous architecture to a secondary, auxiliary or decorative role, has been traditionally employed in some parts of Spain for building structural pillars, floors, massive walls, mortars, etc. The authors have studied this gypsum in its several local forms, from its firing in the kiln to the building process in order to unveil the reasons for its excellent structural behaviour. With the first hypothesis, several strength tests with present commercial gypsum have been made at the laboratory. They confirm the extraordinary structural performance of the material, if only some conditions are respected during the building process.
Introduction
Gypsum is nowadays considered as an auxiliary material in the architectural world, just used in internal plastering, mouldings and artistic decorations. This auxiliary employment of the gypsum derives mainly from the lack of confidence in the material for being highly hygroscopic and, at least apparently, structural weak. Nevertheless, till the first half of the 20th century, before the diffusion of reinforced concrete in architecture, gypsum played an even structural role in the traditional construction of some regions in Spain.
Structural gypsum in local tradition
In fact, in areas like Rincon de Ademuz, gypsum has been employed as the only binding material for structural pillars made with mixed masonry, floors' jack vaulting, internal and external exposed to weathering renderings, mortar to build thin stone slab partition walls, reinforcement for rammed earth walls, etc. [1] . In all cases, it may be observed that gypsum pillars spring at 1 m high from stone masonry, not from the soil, in order to avoid the dampness of the earth.
Structural gypsum and masonry pillars have shown their efficiency in buildings up to four storeys high and even historic buildings with public use [2] . It can be stated that the performance and state of conservation of most of the pillars in the area, even more than 200 years old, are optimal and do not show any problem at all. Several preliminary ultrasounds tests in these gypsum pillars gave them a supposed strength near the values required for a concrete pillar [3] .
Local gypsum under examination
Then, what type of gypsum did the local traditional builders once employ that has so extraordinary performance? To answer this question, two authors of this text made a historical study of the traditional process of selection, firing in kilns, grinding and building it, that not only documented the gypsum caves and remaining kilns, but also interviewed old bricklayers who had participated during their youth in the fabrication and building processes [4] .
Chemical analysis of the obtained gypsum samples from pillars and other architectural elements made of this material did not unveil any secret and did not throw light on the reasons of its excellent structural behaviour [5] . Nevertheless, it was indeed very interesting and significant to see that the all witnesses did not specially insisted in the selection of the raw material and firing process, but in the building one. In fact, bricklayers stated that a different quantity of water was used depending of the function to be assumed by the gypsum in the building: a bigger proportion water/gypsum to plaster the walls (till 1:1 or even more), less water for building partition walls (0.6-0.8: 1) and much less water in order to build structural pillars or solve isolated structural problems (0.4-0.5:1).
The witness and previous experience made by the architect Jose Maria Sanz during the restoration of the Villel tower were really important in order to begin to understand the question [6] . As a matter of fact, during the intervention of repairing this defensive tower built with rammed gypsum walls, this architect employed only commercial gypsum as binder for reasons of material compatibility, but was forced to reduce the quantity of water of the mixture in order to increase its structural performance.
Laboratory tests
For this reason, and not having found other main reason for the structural strength of this gypsum in local buildings but a low proportion of water during the building process, it was decided to make some laboratory tests on several samples fabricated with commercial gypsum mixed with different quantities of water.
As quoted in the European standard UNE-EN 13279-1 [7] , the dosage of gypsum in relation to water must be at least 50% with respect to total mass. This proportion corresponds to a water/gypsum ratio (w/g) of 1.0. For the analysis presented in this work samples have been made with the following w/g ratios: 0.3, 0.4, 0.5, 0.6 and 0.8. The first consequence of this water reduction is a noticeable loss of the plaster workability. For example, for w/g ratios of 0.4 or lower, the setting time almost reached five minutes. This problem should be solved if such dosages have to be used to cast structural elements.
Mechanical properties tests were made according to UNE-EN 13279-2 [8] , as shown in Figure 1 . Three specimens of 40x40x160 mm were fabricated for each of the w/g ratio proposed before. After casting and demoulding (less than one hour was necessary to demould every sample), specimens were kept in a controlled environment (>99% RH, 20 ºC) for seven days. Then they were dried for two days at 40ºC. Finally, before testing they were put two hours at room conditions (20ºC and 30%RH). Flexural strength of two specimens of each dosage was obtained. And compression strength of both half parts was tested after. The third specimen was used to estimate the elastic modulus according to the procedure showed in Figure 2 . Three consecutive loading and unloading cycles were made as drawn in Figure 2 left. The maximum stress level reached was 33% of the compression strength previously measured. Longitudinal strain gages were fixed on each specimen in order to register the strain value. Laboratory results Table 1 shows the results for the mechanical properties tests for all the w/g ratios tested. First of all, it is clearly seen that the density, either saturated or dry, depends directly on the water used in the mix.
As the water amount is increased, both densities show an important decrease. For the samples with w/g ratio of 0.4 and 0.8, this density data were confirmed by mercury intrusion porosimetry (MIP).
The density values obtained by MIP were 1.529 ± 0.024 g/cm 3 and 1.035 ± 0.014 g/cm 3 , for w/g ratio of 0.4 and 0.8 respectively. 
Summary
Laboratory tests made on commercial gypsum samples with a low proportion of water offered extraordinary results in structural performance that may be apparently compared with the supposed strength values to the pillars in traditional buildings at the Rincon de Ademuz. This would mean that even nowadays commercial gypsums have potentially much better structural performance, if only a little more expensive and elaborated building process is implemented, because of the quicker setting of the gypsum with lower quantity of water.
Seen the excellent results of the gypsum strength with low water proportion, several options of research are possible in the future. First, more of the same commercial structurally tested commercial gypsum samples will be analyzed with MIP in order to confirm the efficiency of this system to determine the quantity of water employed while manipulating the gypsum in each particular case. Secondly, several samples will be taken from actual gypsum pillars at the Rincon de Ademuz in order to be able to test them structurally in laboratory and, at the same time, to assess with the MIP the quantity of water once used in each case. These studies will allow the authors to know better the secret behind these mysterious gypsum pillars that support most of the traditional buildings of the region.
